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During the past few y
ears, there has been 
a sympa-
thetic interest withi
n various industries 
and governmental 
agencies toward the u
tilization of coal an
d coal-products, 
Coal by-products, pri
ncipally coal-tars an
d coal-tar distil-
lates, have widesprea
d, direct uses in the
 highway industry, 
Coke finds an indirec
t usethrough the man
ufacture of steel 
and coal provides·a c
onsiderable portion o
f the fuel in the 
manufacture of portla
nd cement, Heretofo
re, coal has not 
been utilized .directl
y as a road-building 
material; however, 
there remains, unders
tandably, an abiding 
interest in all 
native resources whic
h might conceivably s
erve as a highway 
construction materia
l, 
The attached report, 
entitled ''A Laborator
y Investi-
gation of the·Propert
ies· of Coal-Bitumen P
aving Mixtures," 
prepared by Gary G, H
oward, describes an e
xploratory study 
which was based on id
eas conceived somewh
at jointly by ProL 
D, K, Blythe, Head of
 the Department of C
ivil Engineering at 
the University of Ken
t11cky, and myself, T
he study was assigned
 
to Mr, Howard as a th
esis problem, and the
 report has been 
accepted by the Univ
ersity as fulfilling 
the requirements for 
his Master's Degree i
n Civil Engineering, 
In order to qualify 
as a thesis, it was n
ecessary that the stu
dy and the report 
represent the indepen
dent work of the auth
or- that is, under 
nominal guidance and 
supervision, Mr, Ho
ward's academic 
11, B, Drake 
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April 3, 1964 
~ssignmentwas largely 
apart from his regula
r, part-time work 
duties in our Bitumino
us Section; and althou
gh his report 
is principally a-thes
is, it is adjudged to be of i
nterest 
to this Division and t
o the Department inasm
uch as the work 
was founded largely on
 previously undisclose
d information 
and data contributed f
rom our .laboratory rec
ords, The report 
is scheduled for publi
cation as a forthcomin
g bulletin by the 
Engineering Experimen
t Station, College of 
Engineering; and, 
therefore,·only a nom
inal number of these co
pies of the report 
was prepared, 
The significance of th
is study is not immed
iately 
evident; however. atte
ntion is further direc
ted to another 
study entitled:. "An I
nvestigation into the 
Use of Coal and 
Coal- Products in the ·H
ighway Industry," vlhich
 was conducted 
for the Bureau of Publ
ic Roads by the Kopper
s Company under 
Contract CPR 11-8693 a
nd which was forwarded
 recently to the 
various coal-producing
 states for review and
 evaluation, 
Attention is further i
nvited to our reply an
d review dated 
December 11, 1963, in 
which we declared our 
intention to 
submit a project proposal co
vering the implementa
tion of a 
"demonstration road" i
n·which coal would be 
used as the 
aggregate, Our reply 
also alluded to Mr, Ho
ward's. report as 
being·forthcoming and 
to our earlier data, 
This report, there-
fore summarizes theba
sis for our declaratio
n of intent to 
pursue a·more·explici
t investigation of the
 subject, 
Informational copies o
f this report will be 
forwarded 
to the· Bureau of Publi
c Roads in accor·dance 
with our custom, A 
project proposal will be prep
ared in accordance wit
h PPM 50~1,1 
and will be submitted 
subsequently, 
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CHAPTER I 
INTRODUCTION 
General 
Highway embankments
 constitute the lar
gest bulk 
of materials used i
n high~Aray construct
ion and, although 
composed of the mos
t abundant resources
 ~~ native soil 
and rock their 
costs account for a
 large part of 
the cost of highway
 construction. Pav
ement, which by 
comparison comprise
s a relatively sma
ll volume of 
materials, however,
 accounts for about
 20 to 35 per-
cent of the cost of
 a highway. In tha
t aggregate 
makes up a major part of 
pavement, it is qui
te evident 
that the cost of ag
gregate is a signif
icant item in 
highway constructio
n. 
Good quality limesto
ne is abundant in C
entral 
Kentucky and is mar
keted extensively a
s road aggregate. 
In some areas in Ea
stern Kentucky, far
 removed from 
a source of good qu
ality limestone, how
ever, costs 
of these aggregates
 may be twice as hi
gh as in Central 
Kentucky. In these
 eastern areas sand
stones prevail 
5 
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in great abundance and, while 
they vary greatly in 
quality, they comprise a vast 
commercially undeveloped 
source of aggregates. Sandsto
ne in these areas would, 
therefore, appear to be a logi
cal substitute for lime-
stone, and laboratory investig
ation and test-road 
evaluation has clearly establis
hed the feasibility 
of using sandstone aggregates 
in bituminous pavements 
(lf. At the present time, however, 
sandstones are not 
used to any significant extent
 in paving. Neither are 
gravels and sands which occur 
in the valleys and 
streams in those areas. Sandy
 or loamy soils, which 
also abound throughout the are
a, might be developed 
eventually as a source of sand
 and fillers for 
bituminous paving mixes, but th
ey are not considered 
to be of value at the present 
time. 
An alternative to limestone an
d other aggregates 
mentioned is coal. Coal has b
een produced in quantity 
in Eastern Kentucky, and the q
uestion rises as to the 
feasibility of using it for ag
gregate. Mine-run coal 
in this region costs only abou
t four dollars per ton 
~<Numbers in parentheses refer t
o the List of References. 
and, thus, conceivably c
ould compete with limesto
ne 
or other aggregates. M
oreover, the lighter weig
ht 
(lower density) of coal compar
ed to stone aggregates 
would be favorable in a 
road aggregate. Perhaps
 
the most intriguing idea
 in this respect is the 
possibility that coal an
d bitumen might eventual
ly 
be reclaimed from the ro
ad and used as a fuel 'af
ter 
having served their tenu
re as paving materials. 
Such 
a pavement might prove t
o be vulnerable to arson
ists 
and saboteurs it could
 be ignited rather easil
y. 
Nevertheless, the idea o
f mining the coal from t
he 
ground and of "storing" 
it on a road where it mi
ght 
provide a useful interim
 service and where it co
uld 
be readily salvaged or r
eclaimed for other uses,
 if 
so needed, challenges th
e imagination. Perhaps 
the 
idea is rather academic 
and implausible from som
e 
points of view, but it i
s not frivolously concei
ved. 
Indeed there are far~rea
ching implications invol
ved. 
Coal has not been used a
s an aggregate i.n an 
actual paving operation.
 Some exploratory work 
per-
formed by the Highway M
aterials Research Laborat
ory (2), 
however, provided a basi
s for this further study
 and 
this thesis is a continua
tion of that work. 
The original reserves of c
oal in Eastern Kentucky 
are estimated at 33.5 billi
on short tons; estimated 
reserves as of January, 19
56 (.3) amount to 32.2 billion
 
tons. If it is assumed th
at all past production cam
e 
from beds 28 inches or mor
e thick, the total remaini
ng 
reserves in beds this thic
k are estimated at 19.6 
billion tons. If it is as
sumed that 50 percent of a
ll 
coal in the ground can be 
recovered or mined in the 
future, recoverable reserv
es amount to 16.1 billion 
tons in all categories and
 9.8 billion tons in beds 
28 or more inches thick. 
The nationwide, weighted, 
average loss in a mining o
peration is 50 percent (3); 
mine wastes represent the 
larger portion of the loss
. 
As a result, there is a co
nsiderable amount of refus
e 
in a coal mining operation
. This material is gener
ally 
deposited on waste land in
 the coal mining communit
ies. 
After the refuse has been 
deposited, it may be 
fired intentionally or ign
ite as a result of spontan
eous 
combustion. The resulting
 hard, red, slightly cleav
~ 
able, incompletely fused m
aterial is known in the 
mining communities as "red~
dog". 
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Purpose of t.he ~ 
The principal objective of this s
tudy was to 
investigate the feasibili
ty of using coal, and to a
 
lesser extent coal mine w
astes, as aggregate in 
bituminous paving mixture
so These local aggregate
s 
were laboratory tested in
 bitumen~aggregate mixtur
es 
and, more particularly, i
n so~called cold~mixeso 
The 
bitumen-aggregate mixture
s were evaluated by the 
Immersion-Compression Tes
t, ASTM D 1075-60, with 
modifications for cold m
ixtures recommended in the
 
Public Roads Journal (4)o 
In this initial study, sin
ce it was not possible 
to evaluate all types of 
mixtures, the primary qu
estion 
of whether coal and its w
aste products can be used 
as 
road aggregate could not 
be answered with finalityo
 
Aggregates are used in di
fferent types of mixtures
, 
and serve in different de
grees of importance in a 
pavement systemo Therefo
re, other possibilities o
f 
the use of these aggregat
es must be evaluated befo
re 
the primary question can 
be answeredo Some defini
te 
conclusions 1A7ere reached, 
and they are based upon 
the evaluation of the pro
perties of the bitumen~ag
gregate 
mixtures made from the m
aterials employed in this 
study, 
All of the combinations o
f binders and aggregates 
tested, however, lacked so
me property required in 
highway pavements, 
CHAPTER II 
MATERIALS 
Ex2erimental Aggregates 
The coal and mine wastes utilized in this study 
were taken from the Eastern Kentucky coal fields 
where large quantities of such materials abound. 
The sample of coal was washed coal from the Upper 
Elkhorn No. 3 seam in Letcher County. This seam has 
yielded more coal, yet contains larger reserves, than 
any other coal bed in Eastern Kentucky(3). The range 
in composition of 21 samples of coal from this seam 
is shown in Table 1 (3). 
TABLE 1 
COMPOSITION OF COAL FROM. UPPER 
ELKHORN NO. 3 SEAM 
Constituents Percentages, 
Low 
Moisture . . . . . . . . . • . . • • . . . 2.1 
Volatile Matter .......•.. 33.8 
Fixed Carbon""""""""""""" 
Ash .................................. " ...... .. 
Sulfur ooonooonoo<>oooooooo 
55.0 
2.6 
0.5 
by Weight 
High 
3.9 
37.6 
59.9 
3.8 
Ll 
-
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The mine wastes emp
loyed in this study 
were 
refus.e and red-dog, 
The refuse was supp
lied by the 
Kentucky Coal Assoc
iation and consisted
 of high ash-
content coal as we
ll as clays, shales,
 and slate. 
The red-dog, taken 
from the Hemphill c
ommunity in 
Letcher County, con
sisted of shale, sla
te, clay, and 
some quartz sand. 
All aggregates were
 separated into siz
e fractions 
by means of a Gilso
n shaker supplement
ed by a smaller 
shaker for finer fr
actions. Inasmuch 
as these aggre-
gates were consider
ed from the standpo
int of their 
use in surface-cour
se construction, si
zes larger than 
one-half inch were 
scalped off and was
ted; the re-
maining portions of
 the samples were s
eparated into 
the following size·
fractions: 
Passing 
Retained 
1/2-inch ..........
....
... 
,, 3/S~inch 
3/8- inch , .....•....
 , , , . . • • 
. N:l • 4 
No.4·~ .. , .. , ...........
........
....... 
fu .. 8 
fu. .. 8 . 0 " " 0 0 0 , .. " ,. " 
0 .. Q .. 0 
" ~ .. " " fu .. 30 
No . 30 ..... , , ........
.....
.....
. , ~ .... , ~ . 50 
No .. 50 ............ " , ...
.....
 ., .... Q • • 
.. 
~ • 100 
No, 100 ..... , .,. ..........
... , .. , ...
.. " , No .. 200 
No . 2 00 . , ......... "
 , .......
.....
 , .. Pan 
The size distributions sh
own in Table 2 and in 
Figure 1 were obtained fr
om the weighed portions 
of 
the various size fractio
ns and represent the nat
ural 
grading of the materials
 after scalping. The gr
adings 
shown were reconstitute
d from the size fraction
s for 
the preparation of bitum
en~aggregate mixtures. 
TABLE 2 
SIZE DISTRIBUTION OF COA
L AND COAL WASTE PRODUCT
S 
Sieve Size Coal 
Refuse Red~dog 
(% passing) (% passing) (% 
passing) 
1/2-inch 100 
100 100 
3/8~ inch 90.4 
87.5 93.5 
No. 4 49.3 
66.3 7 3,2 
No. 8 28.4 
52.1 51.2 
No. 30 10.2 
25.4 21.1 
No. 50 6.4 
14.5 12.8 
No • 100 4.1 
6.5 7.0 
No. 2DO 2.7 
3.0 3.6 
Pan 0 
0 0 
As illustrated, there we
re some variations in 
the gradation of the agg
regates. Refuse aggrega
tes 
were more dense~graded 
than either coal or red~
dog, 
whereas coal deviated mo
st from the maximum dens
ity 
line. The maximum densi
ty line is a straight lin
e 
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Figure 1: Gradations of Coal a
nd Coal Waste Products. 
r' 
0 
on the Public Roads gradation cha
rt (5) drawn from 
the top~size aggregate through th
e origin" 
The specific gravity of each agg
regate was 
obtained in accordance with the A
STM Designations 
Cl27~59 and Cl28-59, for coarse a
nd fine aggregate 
respectively" The results shown
 in Table 3 are the 
combined values for the coarse an
d fine aggregates" 
TABLE 3 
SPECIFIC GRAVITY AND WATER ABSORP
TION 
OF COAL AND COAL WASTE PRODUCTS 
Bulk Bulk Apparent Wa
ter 
Aggregate Specific Specific 
Specific Absorption 
Gravity Gravity Gravity (% by Wto) 
(SoSoDo) (OoDo) 
Coal L295 L255 
lo306 3o20 
Refuse L593 L451 L
697 9o96 
Red~dog 2o087 L784 2 0 
5.59 l6o99 
Bituminous Binders 
The bituminous binders used were:
 1) rapid~ 
curing asphalt cement cutback; 2) a road
 tar; 3) slowd 
setting asphalt emulsion" These
 binders were selected 
so that heating the aggregates an
d bitumens prior to 
mixing would not be necessary.
 According to Traxler (6), 
rapid~curing aspha~t cement c
utbacks are usually made 
from 85~120 penetration grade 
asphalt cement. However, 
the penetration of residue fro
m the cutback used in this 
stud)) shown in Table 4, indicates a 
softer asphalt 
cement base. The slow~setting
 emulsion used was 
manufactured from a harder as
phalt base than the cut~ 
back. The road tar selected w
as grade RT~6 and was 
obtained from the Koppers Com
pany. 
Binders 
Asphalt 
Cement 
Cutback 
Emulsion 
Tar 
TABLE 4 
BINDER PROPERTIES 
Specific 
Gravity 
0.982 
1.023 
1.185 
Residue, By 
Distillation 
(%by wt.) 
81.5 
60.6 
j) r:-" ...1-t_.~.)! 
Penetration Viscosity, 
of Residue ·140 F 
(O.lmm) (Saybolt~ 
sec. 
125.2 400 
67.0 
56.4 
~ 13 ~ 
Reference Aggregates 
Crushed limestone aggregate obtained from t
he 
Central Rock Company, Lexington, Kentucky, 
was separated 
into the size fractions designated previous
ly for the 
experimental aggregates and was used to sim
ulate the 
gradations of the experimental aggregates i
n a series 
of control mixes. 
CHAPTER III 
PREPARATION AND
 TESTING OF SPE
CIMENS 
The Immersion~
Compression T
est, followed 
in the 
evaluation of 
the bitumen~ag
gregate mixtu
res, was 
adopted by the
 American Soc
iety of Testin
g Materials 
in 1954. This 
method of test
, devised in 1
945 by the 
Public Roads A
dministration 
(Bureau of Public
 Roads) (7), 
was first emp
loyed in the e
valuation of l
ocal aggre~ 
gates (8), 1.11as us
ed later to de
ter1J1ine the ef
fective-
ness of anti-s
tripping addi
tives (9), and ha
s also 
been used in t
he evaluation
 of mineral fi
llers in 
asphaltic con
crete {10), This 
test method in
volves a 
comparison bet
ween the comp
ressive streng
th sustained 
by a control s
pecimen, and t
hat sustained 
by a duplicate
 
specimen after
 having underg
one an immers
ion period 
under stated c
onditions, It
 is intended t
o determine 
the· effects of
 water on bitu
men~aggregate
 mixtures, 
The following 
combinations o
f binders and 
experimental 
aggregates we
re so tested: 
n ,.,-, 
~u 
1" Coal as the aggr
egate and an asphalt 
cement 
as the binder" 
2" Coal as the aggr
egate and an emulsion
 as the 
binder" 
3" Coal as the aggre
gate and a road tar a
s the 
binder" 
4" Red~dog as the a
ggregat:e and an emul
sion 
as the binder" 
5" Red~dog as the ag
gregate and a roa.d ta
r as 
the binder" 
6" Refuse as the agg
regate and an asphalt
 
cement cutback as the
 binder" 
7" Refuse as the ag
gregate and a road ta
r as 
the binder" 
The values of compre
ssive strengths for t
he 
following bitumen~ag
gregate mixtures wer
e not determined 
experimentally but w
ere estimat:ed from th
e stati.stical 
analysis described in
 the Appendix" 
L Refuse as the ag
gregate and an emuls
ion as 
the binder" 
,......, ,- ... 
,J.!~.'J 
Zo Red~dog as the ag
gregate and asphalt c
ement 
cutback as the binder
o 
A series of control m
ixes consisting of th
e 
reference aggregate i
n combination with RC
~3 binder was 
also tested. 
All bitumen~aggregate
 mixtures were evalua
ted at 
optimum bitumen conte
nto Therefore, a pre
liminary series 
of mixtures was made 
in order to es.tablish
 the optimum 
bitumen content and p
roper batch proportion
so Goode (11) 
states: "The molding 
method used in the imme
rsion~ 
compre.ssion test has 
been sufficiently cor
related with 
construction and traf
fic compaction to sho
w that it 
produces laboratory d
ensities correspondin
g to field 
densities after about
 one year of traffic.
" The 
method of compaction 
corresponding to this
 method of 
testing fails to prod
uce ultimate pavement
 densities; 
therefore, Goode recom
mended selecting an a
sphalt 
content that will res
ult in 6 percent air 
voids in 
the compacted specime
n. The desired perce
ntage of 
air voids at ultimate
 pavement density is 
4 percento 
In this study, the op
timum bi.nder content 
was selected 
as that resulting in 
6 percent air voids i
n the com~ 
~,·-" 
-,._~-ltj 
pacted specimen" Th
is determination was 
based on void 
calculations of comp
acted specimens propo
rtioned at 
different binder con
tents" Two specimens
 were made 
at each of the differ
ent binder contents" 
However, 
this procedure could 
not be followed when 
using aggre-
gates like red-dog an
d refuse having grea
ter than 4 
percent absorption" 
When using these agg
regates, the 
optimum binder conte
nt was selected as th
at which 
produced mixtures ha
ving the highest com
pressive 
strength correspondin
g to at least 6 perc
ent voids in 
the compacted specime
n" 
The procedure followe
d in the preparation
 of 
the bitumen~aggregat
e mixtures in this s
tudy is given 
below: 
Aggregate and binder
 in the desired prop
ortions, 
and in sufficient qu
antity for one test s
pecimen, 
were weighed into a b
owl and mixed togeth
er 
with a mechanical st
irrer" To aid in th
e mix~ 
ing process and to dr
ive off any moisture.
, 
the aggregates were 
pre~heated to a tem
perature 
of approximately 200 
Fo After sufficient
 
mixing, the material
 was dumped into a ta
red 
pan and spread to a u
niform thickness" T
he 
filled pan, after an 
initial weighing, wa
s 
placed in an air-flow
 oven and maintained 
at 
a temperature of 140
 F for 18 hours" Th
e pan 
was taken from the o
ven and weighed to o
btain 
the loss in weight du
ring oven curing" 
Immediately afte.r co
mpletion of the 18-h
our 
curing period, 4~ by 
4~inch cylindrical 
~ 18 -
specimens were mol
ded by the double 
plunger 
method and in acco
rdance with the sta
tic load 
procedure, ASTM Me
thod Dl074-60" Af
ter cool-
ing, the specimens
 were extruded from
 the molds 
and placed in an o
ven, which was mai
ntained at 
a temperature of 1
40 F for 24 hours. 
At this 
time any additiona
l loss in weight w
as noted 
and the bulk speci
fic gravity of the
 specimens 
was obtained by we
ighing them in air 
and water, 
The compacted speci
mens were separate
d into 
two equal size gro
ups having approxi
mately equal 
bulk specific grav
ities. In accordan
ce with 
the method of test,
 specimens in grou
p one were 
tested for their dr
y compressive stre
ss; the 
second group was te
sted in like manne
r after 
24 hours of immers
ion in water which
 was main-
tained at a temper
ature of 120 F. Th
e immersion 
conditions for mix
tures using asphal
t emulsion 
as the binder were 
the same as for al
l hot 
mixes, i, e, 24 ho
urs at a temperatu
re of 140 F. 
The percentage of 
retained strength, 
expressed 
as a percentage of
 the dry compressiv
e strength, 
was calculated for
 the immersed spec
imens. 
The percentage of 
the total volume o
f the specimen 
occupied by air vo
ids must he known i
n bituminous mix-
ture design. Calc
ulations of the per
centages followed 
the 
method recommended
 by the Asphalt In
stitute (12) and 
were based on the 
bulk, oven-dry spe
cific gravity 
of the aggregates 
and the percentage
 of the binder 
absorbed into the 
aggregate particle
s, 
Rice's Vacuum Satu
ration Procedure (13) w
as 
followed to determ
ine the percentage
 of the bitumen 
absorbed by the ag
gregate. This met
hod requires that 
~::;] 
~:,:(,>!! 
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the maximum theore
tical specific grav
ity of the uncom~ 
pacted paving mixtu
re be measured. Fro
m this measure-
ment and on the ass
umption that the to
tal bitumen con~ 
tent forms a coatin
g on the aggregate 
particles, a 
fictitious value fo
r the specific grav
ity of the aggre-
gates, known as the
 "virtual specific 
gravity", is 
calculated. The ab
sorption was then c
alculated from the 
"virtual specific g
ravity" and the bul
k, oven-dry 
specific gravi~y o
f the aggregates (12). 
CHAPTER IV 
RESULTS AND DISCUS
SION 
The results of thi
s study are presen
ted in two 
sections, The fir
st section deals w
ith the strength 
of the various bit
umen~aggregate m
ixtures evaluated 
in this study as w
ell as the results 
of Harshall test~ 
ing by the Highway
 Haterials Researc
h Laboratory, The
 
second section is 
concerned with the
 durability of 
these mixes from t
he standpoint of t
heir resistance 
to the action of w
ater and degradatio
n of aggregates 
during compaction, 
The unconfined com
pressive strengths 
of the 
paving mixtures co
ntai.ning coal, ref
use, and red~dog 
are presented in T
able 5, There. is a
 dis tingui.shable 
range r,rf unconfine
d compressive str,e
ngths which typifi
es 
each of the aggreg
ates, Also there 
is a range of · 
strengths which ty
pifies each of the
 binder materials 
in their associatio
n with each of the
 respective aggre~
 
P.·-<1 
A:':Jl: 
Aggregate 
Coal 
Coal 
Coal 
Refuse 
Refuse 
Refuse 
TABLE 5 
UNCONFINED CONPRESSIVE STRENGTHS OF 
BITUMEN-AGGREGATE MIXTURES USING 
EXPERIMENTAL AGGREGATES 
Dry Compressive Immersed Compressive 
Binder Strength Strength 
RC-3 83.1 76.6 
SS-lh 134.9 105.6 
RT-6 109.8 87.5 
22L5* 
SS-lh 340.2 
249.8 149.6 
309.7 207.7 
SS-lh 429.3* 
412.6 
* Values of Compressive Strength, Estimated 
as shown in the Appendix. 
= 22 = 
gates, The difference in the compress
ive strengths 
for mixtures containing the same aggr
egate but different 
binders can be attributed predominantl
y to the properties 
of the binder, For example, the asph
alt emulsion was 
manufactured from a harder-base aspha
lt than the 
asphalt cement cutback -- thereby con
tributing to a 
higher compressive strength, The visc
osity of the 
cutback was also much greater than tha
t of the emulsion 
(Table 4), The mixtures containing refuse had 
the 
highest values of compressive strength
 for each binder 
employed in this study; also, the mixt
ures containing 
red-dog had higher values of compressi
ve strength than 
those containing coal aggregate in co
mbination with 
corresponding binders, The higher com
pressive strengths 
obtained from the refuse mixtures are 
attributed to the 
shape of the aggregate particles and t
o high bitumen 
abso:rption, 
The paving mixtures containing coal as
 the aggre-
gate did not meet the criterion for co
mpressive strength 
shown in Table 6; whereas mixtures con
taining refuse 
and red-dog had sufficient strength to
 do so, However, 
the percentage of strength retained, s
hown in Table 10, 
'\1'-"'""!JJ 
~-:il~ 
indicates that the coal mixes were less affected by 
water than either the refuse or red~dog mixes. 
TABLE 6 
CRITERIA EMPLOYED IN DESIGNING DENSE~GRADED 
ASPHALTIC CONCRETE WEARING COURSE 
MIXTURES BY THE IMMERSION~COMPRESSION 
TEST METHOD* 
Traffic Wt. 
Light 
·Medium 
Heavy 
Extremely 
Heavy 
Air 
Voids 
(7o) 
6.0 
6.0 
6.0 
7.0 
Compressive 
Strength 
(psi) 
200 
250 
300 
350 
Retained 
Strength 
(%) 
minimum 
of 70 
minimum 
of 70 
minimum 
of 70 
minimum 
of 70 
All mixtures have a Dust~Asphalt Ratio of 
a maximum of 1.2 for pavements over flexible 
bases and a maximum of 1.5 for pavements 
over rigid bases. 
~< J. F. Goode, £E cit. p. 124. 
~,,.,.,;! 
,t.;.- ,, 
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The results obtained from the control specimens 
are shown in Table 7, As indicated in Table 7, there 
was less than lO~percent variation in the compressive 
strengths of the control mixes, These variations are 
attributable wholly to the effects of gradation, but 
they are not of sufficient magnitude to alter the 
relative rating positions ~~ with respect to their 
compressive strengths ~~ of the mixtures in which 
coal, red~dog, and refuse were used', The control 
specimens were made from lOO~percent limestone aggre~ 
gate and rapid~curing asphalt cement cutback, The 
gradations corresponded to these of the respective 
experimental aggregates after the mixtures in which 
they were employed had been tested, By using this 
procedure, the effect of aggregate degradation was 
taken into account, 
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TABLE 7 
. PROPERTIES OF CONTROL MIXES 
Dry Percent Unit Air Voids 
Aggregate Compressive Greater Than Wt. 
in Mix 
Gradati.on Strength Lowest (pcf) (lo by v
al.) 
(psi) Value 
Simulated 
Gradation of 514.5 0 147
.8 5.8 
Coal 
Simulated 
Gradation of 569.8 9.7 144.6
 6.0 
Red-dog 
Simulated 
Gradation of 560.1 8.1 146.9
 5.8 
Refuse ' 
The results of exploratory research performed 
by the Highway Materials Research Laboratory, 
shown 
in Table 8, point out the possibility of using
 coal 
in hot~mix construction" These results are ba
sed on 
t~~>IO Marshall specimens for each of the followi
ng 
aggregate combinations: 
L One~hundred percent coal" 
2o Coal as the coarse aggregate, limestone 
as the fine aggregate" 
3o Coal as the coarse aggregate, natural sa
nd 
as the fine aggregate" 
4o All limestone aggregate (Control Specimens)" 
Each of the above combinations was made with a
 
penetration grade asphalt cement and a road ta
ro All 
aggregate combinations were graded identically
, and 
the same volume of binder was used in each spe
cimen" 
One of the two Marshall speciiDI2ns was tested f
or the 
Marshall stability; the remaining specimen was
 exposed 
to natural weathering for observation" 
All of the bitumen~aggregate mixtures had stab
ility 
values well above the minimum values recommend
ed for 
~ 27 ~ 
TABLE 8 
RESULTS BY THE MATERIALS RES
EARCH LABORATORY 
USING COAL AS AN AGGREGATE 
Specimen 
No, 
Ra~l 
Ra~2 
La~3 
La~4 
Ca~5 
ca~6 
Rt~7 
Rt-8 
Lt~9 
Lt~lo 
Ct~ll 
Ct~l2 
Stability 
(lbs) 
1372 
1420 
1163 
1153 
2070 
1106 
1497 
1907 
''Control Specimens 
Flow 
(1/100 
inch) 
7 
11 
12 
6 
9 
10 
8 
7 
Density 
(pcf) 
108 0 7 
105,8 
105,1 
106~8 
80,3 
80,3 
109,8 
109,5 
107,3 
113,0 
80,7 
83,2 
144,1 
145,8 
R - River Sand as Fine Aggreg
ate 
L ~ Limestone as Fine Aggreg
ate 
C - 100 percent Coal 
a - Asphalt Cement (PAC-5) 
t - Road Tar (RT~l2) 
~.t: 
G::JL 
Percent 
VoL Of 
Asphalt · 
Cement 
14,0 
13,6 
13,4 
13,6 
14,2 
14,1 
13,8 
13,8 
13,4 
14,1 
13,9 
14,3 
12,8 
12,9 
Percent. 
Voids 
Total 
Mix 
0,3 
3,0 
5,3 
5,3 
-L3 
~L3 
L3 
L6 
5,2 
0,2 
LO 
~2. 0 
medium traffic (see Table 9). 
However, the bitumen-
aggregate mixtures conta
ining coal in combination
 with 
conventional aggregates h
ad higher stabilities tha
n 
those mixtures containing
 100-percent coal. The l
ower 
stability values for the 
coal mixtures were partia
lly 
due to degradation which 
changed the gradation and
 
also created un cemented 
aggregate contact -- tha
t is, 
points of weakness within
 the specimens. 
The percentage of voids i
n the total mix was low 
in 
most of the specimens in 
which coal was used in 
combination with conventi
onal aggregates, and ther
e 
was a minus percentage o
f voids for the specimens
 using 
100-percent coal aggregat
e. Degradation of the co
al 
accounted for the voids b
eing low; however, the mi
nus 
percentage of voids indic
ates the calculation of 
voids was in error. 
"'""'.~ 
f'J,·,4d 
TABLE 9 
MARSHALL DESIGN CRITERION 
FOR 
MEDIUM TRAFFIC~' 
Test Property 
Min" 
Stability, all mixtures (lbs) 
500 
Flow, all mixtures (1/100 inch) 
8 
Percent Air Voids: 
Surfacing or Leveling 
Sand or Stone Sheet 
Sand Asphalt 
Binder or Base 
3 
3 
5 
3 
*The Asphalt Institute, ££
cit" Po 34" 
~~-"" 
<)0 
Maxo 
18 
5 
5 
8 
8 
Effects of Water and Degradati
OJ! 
The percentage of retained str
ength, shown in 
Table 10, is a measure of the
 effect of water on the 
strength of a bituminous pavin
g mixture. All the 
paving mixtures containing co
al exceeded the minimum 
requirement shown in Table 6. 
This indicates that a 
bituminous mixture has suffic
ient durability to resist 
stripping of the binder from 
the aggregates in the 
presence of water. Coal may 
then be classed as an 
aggregate that has due affinit
y for bitumen and one in 
which stripping should not be
 a problem in its use in 
a pavement system. Upon soak
ing, the paving mixtures 
containing red-dog and refuse 
aggregates either failed 
or barely exceeded the minimum
 requirement for the 
percentage of retained streng
th ~~ that is, with the 
exception of the mixture cont
aining refuse aggregates 
and road tar binder. Those m
ixtures failing this re~ 
quirement would be expected to
 lose stability as a 
result of stripping and to ev
entually deteriorate 
by raveling. 
Degradation of the various bi
tumen~aggregate 
mixtures is illustrated in Fi
gures 2, 3, and 4. Factors 
Aggregate 
Coal 
Coal 
Coal 
Refuse 
Refuse 
Refuse 
TABLE 10 
PERCENTAGE OF RETAINED STRENG
TH 
FOR BITUMEN~AGGREGATE MIXTURE
S 
USING EXPERIMENTAL AGGREGATES
 
Binder 
RC~3 
ss~lh 
RT~6 
RC~3 
""'r_-
1:'__/u .. J 
Retained Strength (%) 
9:.L2 
78o3 
79o8 
7:Ll 
59o9 
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affecting degradation are: 
1) hardness of aggregate, 
2) maximum size and gradation of 
the aggregate, 3) 
particle shape, 4) asphalt conten
t of the mixture, and 
5) compactive effort (14). The o
riginal gradations 
of the refuse and red~dog a
ggregate mixtures were more
 
dense than the coal mixture
s; however, after the mixtu
res 
were compacted, the coal be
came more densely graded 
than the refuse or red~dog.
 Also, after compaction 
and testing, the coal was m
ore densely graded than 
it was when it was put into
 the mixtures (Figure 2). 
Therefore, the degradation 
of the coal aggregates can 
be attributed predominantly
 to their tendency to 
approach the maximum densit
y gradation. On the other 
hand, the refuse and red~do
g aggregates were the more 
densely graded before comp
action (refer to Figures 
3 and 4respectively). Thus, whe
reas the coal tended 
to approach an optimum grad
ing, the degradation of thes
e 
aggregates proceeded in a m
anner that was detrimental. 
The mixtures in which refus
e and red~dog aggre~ 
gates were used had, on the
 average, htgher percentage
s 
of water~absorption during 
the immersion period than 
those mixtures in which coa
l was used. Although, as 
,. 
seen from Table 11, those mixture
s containing refuse 
and red~dog aggregates had higher
 optimum bitumen con~ 
tents, the percentages of effect
ive bitumen were 
considerably less than in those m
ixtures containing 
coaL This may indicate that the
 &'llount of binder 
provided initially was not actua
lly sufficient or it 
may indicate that the degradatio
n resulting from the 
compaction of the specime:r,s crea
ted uncoated, internal 
surfaces which gave access to wa
tero 
The effect of water on the stabi
lity of bitumen~ 
aggregate mixtures may be decreas
ed either by the use 
of bitumen in excess of optimum o
r by the addition 
of an anti~stxipping additive to 
the mixtureo An 
increase in bitumen beyond optimu
m would be accompanied 
by a decrease in the percentage 
of air voids in the. 
compacted specimeno Also, an inc
rease in bitumen would 
probably result in a le.ss stable 
mixture; thus, the 
stability wc,uld be sacrificed for
 a more durable mixtureo 
40 
TABLE 11 
PHYSICAL CHARACTERISTICS OF EXPERIMENTAL MIXES 
-
M1xture Identification Unit WI:". _Petcentage .Optimum Percentage (pcf.) Air Bitumen Effective 
Aggregate Binder Voids Content Bitumen 
-- tf% b_y wt.}_ 
' 
Red-dog Road Tar 120.4 12.68 17.0 2.83 
Red-dog Emulsion 120.0 13;,62 20.0 2.14 
-
f1 
Coal Road Tar 74.5 6.22 15.8 11.62 
Coal Asphalt 73.5 6.06 10.8 8.77_ Cement 
Cutback 
Coal Emulsion 73.6 6.14 15.7 9.74 
-Refuse Asphalt 87.6 5.50 8.7 4.50 . -· Cement 
Cutback 
-
-
Refuse Road Tar 88.5 7.9() 13.0 4.25 -
>, 
~rcentag~-
Water-Absorption 
By Specimens 
3.03 
1.46 
1.09 
---
I 
1.37 
1.87 
3.26 
-
-·-
w 
.... 
CHAPTER V 
CONCLUSIONS 
The conclusions pr~sented 
below are based on 
the results obtained from
 the materials and method
s 
of test used in this study
o 
lo The bitumen-aggregate
 mixtures containing 
100 percent coal did not 
have sufficient unconfine
d 
compressive strength to m
eet the criterion employed
o 
2o Bitumen-aggregate mix
tures containing 100 
percent coal were not aff
ected by the action of wa
tero 
3o Bitumen-aggregate mix
tures containing 100 
percent refuse aggregate 
and the binders employed 
in 
this study have sufficien
t unconfined compressive 
strengths but insufficien
t percentages of retained 
strength to meet the crit
eriono 
4o Bitumen-aggregate mix
tures containing 100 
percent red-dog aggregate
 and the binders employed
 in 
this study have sufficien
t unconfined compressive 
strengths but insufficien
t percentages of retained 
- 38 -
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strength to meet the criterion.
 
5. Bitumen-aggregate mixtures c
ontaining 100 
percent red-dog and also those 
mixtures containing 
100 percent refuse may fail whe
n exposed to water. 
6. The voids in the total mix m
ay become a 
problem in the event it is desi
rable to increase the 
bitumen content above optimum f
or the purpose of 
decreasing the effect of water 
on the mixtures using 
refuse aggregates. 
7. :rt is indicated, from the a
mount of degradati.on 
that occurred during testing, t
hat further densificati.on 
of red-dog aggregate mixtures u
nder traffic nr.<1y result 
in a short:er~life pavement. 
APPE:x!DIX 
STATISTICAL PROCEDURE 
This digression involved the
 evaluation of three 
local aggregates in combinat
ion 'mrith three binders ~~ 
that is, although there were
 9 possible combinations 
of aggregates and binders, th
e un.confined compressive 
strength of the 7 selected c
ombinations below was 
determined through testingo 
Coal + RC~3 
Coal + SS~lh 
Refuse + RC~3 
The values of compressive st
rength for Red~dog plus 
RC~3 and for Refuse plus SS~
lh were estimated through 
statistical calculations base
d on the variance of the 
values obtained through testi
ngo The missing values 
were est.imated by inserting 
symbols in place of these 
values and then carrying out
 the analysis of variance 
in terms of these symbolso 
Values were.then calculated 
so that the error vari.a:nce w
as a minimumo 
The equations needed to solv
e for the missing 
values are (15); 
{m~l)(n~l)X ~ ffiRx + 
(m~l)r(n~l)Y ~ mRY + 
nC = s = Y 
X 
nCY ~ S ~· X 
= 42 = 
where: 
X 
~ 
ex 
cy 
s 
m 
n 
and Y represent the mis:sing _
__ values 
"" total of known. observation
s of row 
con.taining X 
§ total of known o·bservation
s of row 
~ 
"' 
g!J 
IS 
~ 
containing Y. 
t.otal of kno~>m c;bservations 
of column 
containing X 
total of knowm observations 
of column 
containing 'l1 
total of all known results 
number of ro'""s 
number of column.s o 
The missing-value calculatio
ns are as follo~1s: 
MIXTURE 
Coal 
Red~dog 
Refuse 
-
TOTALS 
Tcible 17. giw;s the data from
 Table 5 
rearranged into rows and col
umns; X andY 
have been inserted for the m
i.ssing values o 
X represents the mixture of
 Red~dog and 
RC~3, and Y represents the m
ixture of Refuse 
and ss~lho 
TABLE 12 
DATA FROM TABLF! 5, IN GUIDING
 X AND Y 
FOR THE MISSING VALUES 
RC~3 RT~6 SS~lh
 TOTALS 
~ 
--
83ol 109o8 134o9 
J27o8 
X 249o8 340o2 X+
 590o0 
3(}9,7 405o8 y 
y + 715o 5 
X+ 39::LS 765o4 'i + 475o1 
X+ Y+ 1633o3 
-
r 
~ 43 ~ 
From Table 12: 
Rx = 590o0 Ry = 715o5 
ex = 392o8 c ~ 475ol 
s = 1633>3 
m = 3 n = 3 
Therefore, .. substituting these values into 
the given equations and reducing yields: 
I . 
4X"' 13l5ol ~ Y 
4Y"' 1938o5 ~ X 
Solving the above equations for X and Y 
yields: 
X= 221.5 
Y = 429o3 
and the estimates for the missing values 
are therefore: 
Red~dog plus RC~3 ~ 221.5 
Refuse plus SS~lh ~ 429"3 
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